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1. (Amendea) An optical amplifier comprising: 
£7* * a gain medium opbrable to receive a plurality of signals each comprising a center 

wavelength; and 

^ \ a noise property ass^ated with at least a portion of the amplifier and varying as a 

function of wavelength; 

wherein at least two of \the plurality of signals comprise launch powers that are a 
function of a magnitude of the no|se property measured at or near the center wavelength of 
that signal; and 

wherein launch powers of th& plurality of signals primarily decrease with increasing 
center wavelengths of the plurality of lignals. 

2. The optical amplifier of^laim 1, wherein each of the plurality of signals 
comprises a different center wavelength. 

3. The optical amplifier of Claim 1, wherein the gain medium comprises a 
distributed Raman gain medium. « 

4. The optical amplifier of Claim 1, wherein the gain medium comprises a 
discrete Raman gain medium. ^ 

\ 
\ 

5. The optical amplifier of Claim 1, wherein the gain medium comprises a rare 

\ 

earth doped gain medium. ^ 

6. (Amended) The optical amplifier 0^ Claim 1, wherein the noise property 
fo*)-* comprises a noise figure for the entire amplifier. \^ 

7. (Amended) The optical amplifier of Claim 1, wherein the noise property 
comprises a noise figure for one stage of the amplifier. 

8. The optical amplifier of Claim 7, wherein the launch power of each of the at 

least two of the plurality of signals is determined as a function ck* a center wavelength of that 

**"* ^ 
signal and a noise figure of the amplifier stage measured at or near the center wavelength of 

that signal. 
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9. (Amended) IThe optical amplifier of Claim 1 , wherein each of the at least 
two of the plurality of signals provides an approximately equal signal to noise ratio at an 
output from the portion of the amplifier associated with the noise property. 

10. The optical amplifier of Claim 1, wherein the launch power of a majority of 
the plurality of signals comprises at least one decibel less than the launch power of the signal 
associated with the highest noise figure. 



11. The optical amplifier of Claim 1, wherein the launch power of a majority of 
the plurality of signals comprises at \east two decibels less than the launch power of the 
signal associated with the highest noise figure. 



12. (Amended) The optical amplifier of Claim 1, wherein the at least two of the 
plurality of signals each comprise a launch power that is a function of a magnitude of the 
noise property measured within one nanometer of the center wavelength of that signal. 



13. (Amended) The optical amplifier of Claim 1, wherein the at least two of the 
plurality of signals each comprise a launch power that is proportional to a noise figure of the 
amplifier at or near the center wavelength of that, signal. 

14. The optical amplifier of Claim 1, wherein the at least two of the plurality of 
signals each comprise a launch power that approximately follows a noise figure of the 
amplifier as a function of wavelength. 

15. The optical amplifier of Claim 1, wherein each of the plurality of signals 
comprises a launch power that that approximately follows a noise figure of the amplifier as a 
function of wavelength. 



16. (Amended) The optical amplifier of Claim 1, wherein the at least two of the 
plurality of signals each comprise a launch power that is inversely proportional to a signal to 
noise ratio at or near the center wavelength of that signal that would arise if all of the 
plurality of signals comprised the same launch power. 
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17. The optical amplifier of Claim 1, wherein the amplifier comprises a multiple 
stage amplifier, comprising: 

a first amplifier stage operable to amplify the plurality of signals; 

a second amplifier stage oberable to amplify at least some of the plurality of signals 
after those signals have been amplified by the first stage; 

wherein the first and secoiM amplifier stages each comprise an approximately flat 
gain profile. 

18. The optical amplifier of Claim 1, wherein the amplifier comprises a multiple 
stage amplifier, comprising: \ 

a first amplifier stage having a first sloped gain profile operable to amplify the 
plurality of signals; \ 

a second amplifier stage having aisecond sloped gain profile operable to amplify at 
least some of the plurality of signals after those signals have been amplified by the first stage, 
the second sloped gain profile being approximately complementary to the first sloped gain 
profile. 

19. The optical amplifier of Claim r8, wherein the combined effect of the first and 
second amplifier stages contributes to an approximately flat overall gain profile over the 
plurality of signal wavelengths. 

20. The optical amplifier of Claim 18, wherein the slope of the first gain profile 
has an approximately equal and opposite slope from the slope of the second gain profile. 

v 

21. The optical amplifier of Claim 18, wherein the first and second gain profiles 
each comprise a plurality of slopes. 
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22. The optical amplifier of Claim 18, wherein: 

the first sloped gain profile comprises a gain profile wherein a majority of shorter 
signal wavelengths are amplifiedWore than a majority of longer signal wavelengths; and 

the second sloped gain profile comprises a gain profile wherein a majority of the 
longer signal wavelengths are ^piplified more than a majority of the shorter signal 
wavelengths. 

23. The optical amplifier <j>f Claim 22, wherein a phonon stimulated noise figure 
of the amplifier comprises less than four decibels. 



24. The optical amplifier of Claim 22, wherein a noise figure of the amplifier in 

\ 

the small signal limit comprises less tha^i eight decibels over a bandwidth of at least forty 
(40) nanometers. 



25. The optical amplifier of Claim 22, wherein a noise figure of the amplifier in 
the small signal limit comprises less than seyen decibels over a bandwidth of at least forty 
(40) nanometers. 



26. The optical amplifier of Claim 22, further comprising a third amplifier stage 
having a third sloped gain profile comprising a|gain profile wherein a majority of shorter 
signal wavelengths are amplified more than a majority of longer signal wavelengths. 

27. The optical amplifier of Claim 26, wherein the combined effect of the first, 
second, and third, amplification stages contributes\to an approximately flat overall gain 
profile over the plurality of signal wavelengths. 

28. The optical amplifier of Claim 26, vv^ierein the second amplifier stage 
comprises a Raman amplification stage. 
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29. The optical amplifier of Claim 22, further comprising: 

a third amplifier stage having a third sloped gain profile wherein a majority of longer 
signal wavelengths are amplifiedWore than a majority of shorter signal wavelengths; and 

a fourth amplifier stage having a fourth sloped gain profile wherein a majority of 



shorter signal wavelengths are amplified more than a majority of longer signal wavelengths. 



30. The optical amplifier^of Claim 29, wherein the combined effect of the first, 
second, third, and fourth amplifier stages contributes to an approximately flat overall gain 



profile over the plurality of signal wawlengths. 

3 1 . The optical amplifier of |Claim 30, wherein: 

the combined effect of the first and second amplifier stages contributes to an 
approximately flat overall gain profile over the plurality of signal wavelengths output from 
the second stage; and \ 

wherein the combined effect of the^ third and fourth amplifier stages contributes to an 
approximately flat overall gain profile over the plurality of signal wavelengths output from 
the fourth stage. 

32. The optical amplifier of ClaiiMl8, wherein: 
the first sloped gain profile comprises a gain profile wherein a majority of longer 

signal wavelengths are amplified more than a majority of shorter signal wavelengths; and 

the second sloped gain profile comprise^ a gain profile wherein a majority of the 
shorter signal wavelengths are amplified moi^e than a majority of the longer signal 
wavelengths. 

33. The optical amplifier of Claim 32, wherein the first amplifier stage comprises 
a Raman amplification stage and wherein the first \laman stage is coupled to the second 
amplifier stage so as to allow longer wavelength pump signals in the first Raman stage to 
accept power from shorter wavelength pump signals in\he second amplifier stage. 

34. The optical amplifier of Claim 33, wherein the second amplifier stage 
comprises an amplifier stage selected from a group consisting of a Raman amplifier and a 
rare earth doped amplifier. 
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35. The optical amplifier of Claim 18, wherein each of the amplifier stages 
comprises a plurality of pump signals collectively operable to affect the slope and magnitude 
of the gain profile for that stage. 



36. The optical amplifier of Claim 35, wherein the pump signal comprising the 
longest center wavelength comprises a center wavelength at least ten nanometers shorter than 
the shortest center wavelengthW the plurality of signals. 

37. The optical amplifier of Claim 35, wherein a majority of the gain applied to 
the signals having center wavelengths within thirty nanometers of the longest center 
wavelength pump signal is applied in the first stage of the amplifier. 

\ 

38. The optical amplifier of Claim 35, wherein a majority of the gain supplied by 
the longest center wavelength pump|i signal is applied in a last stage of the amplifier. 

39. The optical amplifier tof Claim 18, further comprising at least one additional 
amplification stage coupled between the first and second Raman amplification stages. 

40. The optical amplifier olf Claim 1, wherein the bandwidth of the plurality of 
signals comprises more than forty nanometers. 



41. The optical amplifier of Claim 1, wherein the bandwidth of the plurality of 
signals comprises more than eighty nanometers. 

\ 

42. The optical amplifier of Claim 1, wherein the overall gain profile of the 
amplifier prior to use of a gain flattening filter varies by less than five decibels over at least a 



majority of the plurality of signal wavelengths 
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43. (Amendecm An optical amplifier comprising: 

an input operable to receive a plurality of signals each comprising a center 
wavelength, wherein at least two of the plurality of signals comprise different launch powers; 
a pump operable to generate a pump signal; and 

a gain medium operable to receive the plurality of signals and the pump signal and to 



facilitate amplification of at least some of the plurality of signals; 

wherein a signal to noise ratio measured at an output of the amplifier varies by no 
more than 2.5 decibels over aubandwidth of at least 40 nanometers for at least a majority of 
signals output from the amplifier; and 

wherein launch powers lof the plurality of signals primarily decrease with increasing 
center wavelengths of the plurality of signals. 

44. The optical amplifier of Claim 43, wherein the gain medium comprises a 
distributed Raman gain medium. \ 

\\ 

45. The optical amplifier of Claim 43, wherein the gain medium comprises a 
discrete Raman gain medium. \ 

\ 

46. The optical amplifier of^ Claim 43, wherein the gain medium comprises a rare 
earth doped gain medium. 



47. The optical amplifier of Claim 43, wherein the launch power of each of the at 

ft 

least two of the plurality of signals is determined as a function of a center wavelength of that 

\ 

signal and a noise figure of at least a portion of the amplifier measured at or near the center 
wavelength of that signal. \ 



48. The optical amplifier of Claimu43, wherein the amplifier comprises a multiple 
stage amplifier, comprising: ^ 

a first amplifier stage operable to amplify the plurality of signals; 

i 

a second amplifier stage operable to amplify at least some of the plurality of signals 
after those signals have been amplified by the first stage; 

wherein the first and second amplifier stages each comprise an approximately flat 
gain profile. 

DAL01:693834.1 



ATTORNEY DOCKETTJO. 
069204.0118 



9 



PATENT 



49. The optical amplifier of Claim 43, wherein the amplifier comprises a multiple 
stage amplifier, comprising: 

a first amplifier stage\having a first sloped gain profile operable to amplify the 
plurality of signals; 

a second amplifier stage \having a second sloped gain profile operable to amplify at 
least some of the plurality of signals after those signals have been amplified by the first stage, 
the second sloped gain profile being approximately complementary to the first sloped gain 
profile. ^ 

50. The optical amplifier of Claim 49, wherein the combined effect of the first and 



i 



second amplifier stages contributes fo an approximately flat overall gain profile over the 
plurality of signal wavelengths. \ 

\ 

5 1 . The optical amplifier of (Slaim 49, wherein: 

the first sloped gain profile comprises a gain profile wherein a majority of shorter 

\ 

signal wavelengths are amplified more than a majority of longer signal wavelengths; and 

\ 

the second sloped gain profile comprises a gain profile wherein a majority of the 
longer signal wavelengths are amplified more than a majority of the shorter signal 
wavelengths. 



52. The optical amplifier of Claim^Sl, further comprising a third amplifier stage 
having a third sloped gain profile comprising^ gain profile wherein a majority of shorter 
signal wavelengths are amplified more than a majority of longer signal wavelengths. 



53. The optical amplifier of Claim\52, wherein the second amplifier stage 
comprises a Raman amplification stage. 



54. The optical amplifier of Claim 51, further comprising: 

a third amplifier stage having a third sloped ^gain profile wherein a majority of longer 

signal wavelengths are amplified more than a majorit^ of shorter signal wavelengths; and 

\ 

a fourth amplifier stage having a fourth sloped gain profile wherein a majority of 
shorter signal wavelengths are amplified more than a majority of longer signal wavelengths. 
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55. The optical amplifier of Claim 54, wherein: 

the combined effect! of the first and second amplifier stages contributes to an 
approximately flat overall galjp profile over the plurality of signal wavelengths output from 
the second stage; and 

wherein the combined effect of the third and fourth amplifier stages contributes to an 
approximately flat overall gain profile over the plurality of signal wavelengths output from 
the fourth stage. 

56. The optical amplifier of Claim 49, wherein: 

the first sloped gain profile comprises a gain profile wherein a majority of longer 

signal wavelengths are amplified more than a majority of shorter signal wavelengths; and 

1 

the second sloped gain profile comprises a gain profile wherein a majority of the 
shorter signal wavelengths are amplified more than a majority of the longer signal 
wavelengths. 

57. The optical amplifier oflClaim 56, wherein the first amplifier stage comprises 
a Raman amplification stage and wherein the first Raman stage is coupled to the second 

amplifier stage so as to allow longer wavelength pump signals in the first Raman stage to 

\ 

accept power from shorter wavelength pump signals in the second amplifier stage. 

\ 

58. The optical amplifier of Claim 49, further comprising at least one additional 
amplification stage coupled between the first and second Raman amplification stages. 



M 

59. The optical amplifier of Claim 43, wherein the bandwidth of the plurality of 
signal wavelengths comprises at least sixty nanometers. 



60. The optical amplifier of Claim|43, wherein the bandwidth of the plurality of 
signal wavelengths comprises at least eighty nanometers. 

61. The optical amplifier of Claim *43, wherein the overall gain profile of the 
amplifier prior to use of a gain flattening filter varies by less than five decibels over at least a 
majority of the plurality of signal wavelengths. 



\ 
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62. (Amended) Ttffe optical amplifier of Claim 43, wherein the signal to noise 
ratio varies by no more than on\ decibel for at least a majority of signals output from the 
amplifier. 



63. (Amended) The dbtical amplifier of Claim 43, wherein the signal to noise 
ratio varies by no more than 0.1 dejpibels for at least a majority of signals output from the 
amplifier. 
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64. (Amended) optical communication system comprising: 

an input terminal comprising a plurality of optical transmitters each operable to output 
one of a plurality of signals each ^comprising a center wavelength; 
fl^ a plurality of spans of optical medium coupled to the input terminal and operable to 

f- 0 <^°^ * facilitate communication of the plurality of signals; and 

1 

a plurality of in-line amplifiers each coupled to at least one of the plurality of spans of 
optical medium; 

wherein at least two of thejplurality of signals comprise launch powers that are a 



function of a noise property associate^! with at least a portion of the system; and 

wherein launch powers of tt|e plurality of signals launched from the plurality of 
optical transmitters primarily decrease^ with increasing center wavelengths of the plurality of 
signals. 



65. The optical communication system of Claim 64, wherein the plurality of 

\ 

transmitters comprises a plurality of pairs of optical sources and modulators. 



66. The optical communication! system of Claim 64, wherein each of the plurality 
of transmitters comprises a modulator operable to receive from a common optical source an 
unmodulated signal having a center wavelength and to modulate the received signal. 



67. The optical communication system of Claim 66, wherein the common optical 
source comprises: 

a modelocked pulse source operable to generate a plurality of optical pulses; 

\ 

a continuum generator operable to broaden the spectrum of the plurality of optical 

pulses into an approximate spectral continuum of optical pulses; and 

\ 

a signal splitter operable to generate from the approximate continuum a plurality of 
unmodulated signals each comprising a center wayelength. 



68. The optical communication system of Claim 64, wherein at least one of the 
plurality of in-line amplifiers comprises a distributed|Raman amplification stage. 

69. The optical communication system of Claim 64, wherein at least one of the 



plurality of in-line amplifiers comprises a discrete Raman amplification stage. 
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70. The optical commvmication system of Claim 64, wherein at least one of the 
plurality of in-line amplifiers comprises a rare earth doped amplification stage. 

71. The optical communication system of Claim 64, wherein the launch power of 
each of the at least two of the plurality of signals is determined as a function of a center 
wavelength of that signal and a noise figure of the amplifier stage measured at or near the 
center wavelength of that signal. 

72. The optical communication system of Claim 64, wherein at least one of the in- 
line amplifiers comprises a multiple stage amplifier, comprising: 

a first amplifier stage operable to amplify the plurality of signals; 

a second amplifier stage operable to amplify at least two of the plurality of signals 
after those signals have been amplified by the first stage; 

wherein the first and second amplifier \stages each comprise an approximately flat 
gain profile. 



73. The optical communication system of Claim 64, wherein at least one of the in- 
line amplifiers comprises a multiple stage amplifierjjcomprising: 

a first amplifier stage having a first sloped gain profile operable to amplify the 
plurality of signals; \ 

a second amplifier stage having a second sloped gain profile operable to amplify at 
least two of the plurality of signals after those signals have been amplified by the first stage, 
the second sloped gain profile being approximately complementary to the first sloped gain 
profile. 



74. The optical communication system of Claimi 73, wherein the first sloped gain 
profile comprises a gain profile wherein a majority of \shorter signal wavelengths are 
amplified more than a majority of longer signal wavelengths; mid 

the second sloped gain profile comprises a gain profile wherein a majority of the 
longer signal wavelengths are amplified more than a msyority of the shorter signal 
wavelengths. 



\ 
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75. The optical communication system of Claim 74, further comprising a third 
amplifier stage having a third sloped gain profile comprising a gain profile wherein a 
majority of shorter signal wavelengths are amplified more than a majority of longer signal 
wavelengths. 

76. The optical commWcation system of Claim 74, further comprising: 

a third amplifier stage having a third sloped gain profile wherein a majority of longer 
signal wavelengths are amplified more than a majority of shorter signal wavelengths; and 

a fourth amplifier stage having a fourth sloped gain profile wherein a majority of 
shorter signal wavelengths are amplified more than a majority of longer signal wavelengths. 



77. The optical communication system of Claim 73, wherein: 

the first sloped gain profile comprises a gain profile wherein a majority of longer 

signal wavelengths are amplified more than a majority of shorter signal wavelengths; and 

the second sloped gain profile l^mprises a gain profile wherein a majority of the 

shorter signal wavelengths are amplified more than a majority of the longer signal 

wavelengths. 



78. The optical communication system of Claim 77, wherein the first amplifier 
stage comprises a Raman amplification stage\and wherein the first Raman stage is coupled to 
the second amplifier stage so as to allow longer wavelength pump signals in the first Raman 
stage to accept power from shorter wavelengthipump signals in the second amplifier stage. 



79. The optical communication system of Claim 64, wherein the bandwidth of the 
plurality of signal wavelengths comprises at least\forty nanometers. 

80. The optical communication system of Claim 64, wherein the bandwidth of the 
plurality of signal wavelengths comprises at least eighty nanometers. 

81. The optical communication system of Claim 64, wherein the overall gain 
profile of the amplifier prior to use of a gain flattening filter varies by less than five decibels 
over at least a majority of the plurality of signal wavelengths. 
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82. The optical communication system of Claim 64, further comprising a 
management element operable toWetermine launch powers for the at least two of the plurality 
of signals based at least in part on a noise figure associated with at least a portion of the 
system. 



83. The optical communication of Claim 64, further comprising a signal combiner 
operable to combine the plurality lof signals into a multiple wavelength signal prior to 
communication to the plurality of spans of optical medium. 



84. The optical communication system of Claim 64, further comprising a signal 

\ 

separator operable to separate the signals from the multiple wavelength signal received from 

one of the plurality of spans. \ 

I 
1 

85. The optical communication system of Claim 64, further comprising a lossy 
element coupled to one of the plurality^of spans, wherein the lossy element comprises an 
element selected from a group consisting of an isolator, a gain equalizer, an add/drop 
multiplexer, and a cross connect. 



i 



cor 



86. (Amended) The optical cpmmunication system of Claim 64, wherein the 
plurality of signals comprises: I 

a first group of optical signals having\launch powers determined with reference to the 

noise figure to result in a first signal to noise ratio; and 

\ 

a second group of optical signals having launch powers determined with reference to 

r 

the noise figure to result in a second signal to noise ratio different than the first signal to noise 
ratio. 
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87. (Amended) A method of communicating signals, comprising: 
communicating a plurality of signals each having a center wavelength to an optical 

link comprising a plurality of spans^of fiber; and 

amplifying the plurality of signals to at least partially compensate for losses in one or 

more of the plurality of spans of fiber; 

Co r ° \ 

wherein signals output from the optical link experience a noise property varying as a 

function of wavelength, and wherein|at least two of the signals input to the optical link 
comprise launch powers that are a function of the noise property measured at or near the 
center wavelength of that signal; and ^ 

wherein launch powers of the plurality of signals primarily decrease with increasing 

center wavelengths of the plurality of signals. 

\\ 

88. The method of Claim 87, wherein communicating a plurality of signals 
comprises generating each of the plurality of signals using a separate optical source. 



89. The method of Claim 87, wherein communicating a plurality of signals 
comprises: y 

generating a plurality of unmodulated signals using a common optical source; and 
modulating each of the unmodulated signals using a separate modulator. 



90. The method of Claim 87, wherein; the optical link comprises at least one 
discrete Raman amplification stage. V 

\ 

91. The method of Claim 87, wherein the optical link comprises at least one 
distributed Raman amplification stage. 

92. The method of Claim 87, wherein the optical link comprises at least one rare 
earth doped amplification stage. 



93. The method of Claim 87, wherein amplifying the plurality of signals 
comprises amplifying the plurality of signals with at least one multiple-stage amplifier having 
an approximately flat gain profile in each amplifier stage. 
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94. The method of Claim 87, wherein amplifying the plurality of signals 
comprises: 

applying a first slobed gain profile to a plurality of signals at a first stage of an 
amplifier in the optical link; \ 

applying a second sloped gain profile to two of the plurality of signals at a second 
stage of the amplifier, the second sloped gain profile comprising an approximately 
complementary gain profile of the first sloped gain profile. 



95. The method of Claim 94, wherein the combined effect of the first and second 
sloped gain profiles contributes to an approximately flat overall gain profile over the plurality 
of signal wavelengths. \ 

96. The method of Claim 9^, wherein: 

the first sloped gain profile comprises a gain profile wherein a majority of shorter 
signal wavelengths are amplified more than a majority of longer signal wavelengths; and 

the second sloped gain profile comprises a gain profile wherein a majority of the 
longer signal wavelengths are amplified more than a majority of the shorter signal 
wavelengths. 

97. The method of Claim 94, wherein: 
the first sloped gain profile comprises^ a gain profile wherein a majority of longer 

signal wavelengths are amplified more than a majority of shorter signal wavelengths; and 

the second sloped gain profile comprises a gain profile wherein a majority of the 
shorter signal wavelengths are amplified more than a majority of the longer signal 
wavelengths. 



98. The method of Claim 87, wherein the signals output from the optical link 
comprise signals output from an access element couplid to the optical link. 

A 

99. The method of Claim 87, wherein the|signals output from the optical link 
comprise signals output to a receiver at an end of the optical link. 
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100. (Amfended) The method of Claim 87, wherein the launch power of the at 
least two of the signals input to the optical link comprise a function of the center wavelength 
of the signal and a noise figure measured at or near the signal's center wavelength. 

\ 

ff \ 101. (Amended) The method of Claim 87, wherein the at least two of the 

plurality of signals each comprise a launch power that is a function of a magnitude of a noise 
figure measured within one nanometer of the center wavelength of that signal. 

102. (Amended) | The method of Claim 87, wherein the at least two of the 

plurality of signals each comprise a launch power that is proportional to a noise figure of the 

% 

amplifier at or near the center wavelength of that signal. 

103. The method of^Claim 87, wherein the at least two of the plurality of signals 

V 

each comprise a launch power that approximately follows a noise figure of the amplifier as a 
function of wavelength. 

104. The method of Claim 87, wherein each of the plurality of signals comprises a 

V 

launch power that that approximately follows a noise figure of the amplifier as a function of 
wavelength. V 

V 

X 

Y 

105. (Amended) The method of Claim 87, wherein the at least two of the 
plurality of signals each comprise a launch power that is inversely proportional to a signal to 
noise ratio at or near the center wavelength of that signal that would arise if all of the 
plurality of signals comprised the same )aunch power. 

106. The method of Claim 87, ^herein a signal to noise ratio associated with the 

plurality of signals measured at the output from the optical link varies by no more than 2.5 

y, 

decibels for at least a majority of signals output from the optical link. 

1 

107. The method of Claim 87, wherein a signal to noise ratio associated with the 
plurality of signals measured at the output from the optical link varies by no more than 1 
decibel for at least a majority of signals outputurom the optical link. 
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108. (Amended) The method of Claim 87, wherein a signal to noise ratio 

Ik 

associated with the plurality of signals measured at the output from the optical link varies by 
\] no more than 0.1 decibels for at least a majority of signals output from the optical link. 
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109. (Amended) A me|hod of communicating signals, comprising: 
(a) adjusting launch powfers of a plurality of signals input to an optical link based 
at least in part on a noise property associated with at least a portion of the optical link for at 
least a portion of the plurality of signals; 



\ . (b) adjusting a pump power of an amplifier in the optical link to give a desired 

It 

gain spectrum in light of the adjusted launch powers; and 

(c) repeating steps (a) and ||b) until a signal to noise ratio at an output from the 
optical link varies by no more than a threshold amount for at least a majority of signals output 
from the optical link; | 

wherein launch powers of the plurality of signals primarily decrease with increasing 
center wavelengths of the plurality of signals. 

\ 

110. (Amended) The method of Claim 109, wherein adjusting the launch power 

I 

of a plurality of signals comprises adjusting the launch power as a function of the center 

\ 

wavelength of the signal and a noise figure measured at or near the signal's center 



wavelength. 



\ 

111. The method of Claim 109, wherein the optical link comprises at least one 

discrete Raman amplification stage. \ 

\ 

A 
A 

112. The method of Claim 109, wherein the optical link comprises at least one 
distributed Raman amplification stage. \ 

\ 

113. The method of Claim 109, wherein the optical link comprises at least one rare 
earth doped amplification stage. \ 

•a 

114. The method of Claim 109, wherein the threshold level comprises 2.5 decibels 

4 

for at least a majority of signals output from the optical\link. 

4 

115. The method of Claim 109, wherein the threshold level comprises 1 decibel for 
at least a majority of signals output from the optical link. 
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116. The method of C^aim 109, wherein the threshold level comprises 0.1 decibels 
for at least a majority of signals qutput from the optical link. 

117. (Amended) The method of Claim 109, further comprising: 
monitoring a noise property of at least a portion of the optical link during operation; 
adjusting the launch powers of a plurality of signals input to the optical link based at 

least in part on the noise property monitored during operation. 

118. (Amended) The method of Claim 117, wherein monitoring the noise 
property comprises determining the noise property on a periodic basis. 
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119. (Amended) A method of communicating signals, comprising: 

setting launch^powers of a plurality of signals at one or more initial launch power 

levels; 

setting a pump ^ower of an amplifier in an optical link receiving the plurality of 
signals at an initial pump power level to give a desired gain spectrum at the output of the 
amplifier; ^ 

adjusting the launchvpowers of at least some of the plurality of signals based at least in 
part on a noise property associated with at least a portion of the optical link and at least some 
of the plurality of signals; and^ 

adjusting the pump power of the amplifier to retain the desired gain spectrum in light 
of the adjustment to the launch powers; 

wherein launch powers of the plurality of signals primarily decrease with increasing 
center wavelengths of the plurality of signals. 

120. The method of ClaimM 19, wherein adjusting the launch power of a plurality of 

signals comprises adjusting the launch power as a function of the center wavelength of the 

\ 

signal and the noise figure measured attar near the signal's center wavelength. 

• . \ 

121. The method of Claim 11S>, wherein the optical link comprises at least one 
discrete Raman amplification stage. 

122. The method of Claim 119, wherein the optical link comprises at least one 
distributed Raman amplification stage. 

123. The method of Claim 119, wherein the optical link comprises at least one rare 
earth doped amplification stage. \ 

\ 

124. The method of Claim 119, wherein the launch powers are adjusted to ensure a 
signal to noise ratio for each of the plurality of signals measured at an output from the optical 

link that varies by no more than 2.5 decibels for at least a majority of signals output from the 

% 

optical link. 

125. The method of Claim 119, wherein the launch powers are adjusted to ensure a 
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signal to noise ratio for eabh of the plurality of signals measured at an output from the optical 
link that varies by no mo^ than 1 decibel for at least a majority of signals output from the 
optical link. 

126. The method ofi Claim 119, wherein the launch powers are adjusted to ensure a 
signal to noise ratio for each olthe plurality of signals measured at an output from the optical 
link that varies by no more tha^O.l decibels for at least a majority of signals output from the 
optical link. 

Please add the following new claims: 

—127. The optical amplifier of Claim 1, wherein the plurality of signals comprise a 
median wavelength wherein a shorter plurality of wavelengths have shorter wavelengths than 
the median wavelength and a longer plurality of wavelengths have longer wavelengths than 
the median wavelength; and 

wherein the primarily decreasing launch powers of the plurality of signals result in an 
aggregate power of the shorter plurality of wavelengths being larger than the aggregate power 
of the longer plurality of wavelengths. 
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128. An optical amplifier comprising: 

a gain medium operable to receive a plurality of signals each comprising a center 

wavelength, at least some of the plurality of signals associated with a first signal to noise 

ratio measured at an output coupled to the gain medium; 

\ 

wherein at least two <^ the plurality of signals comprise launch powers that are a 
function of a magnitude of a noise property measured at or near the center wavelength of that 
signal; and 



V 



wherein a sum of the launch powers of the plurality of signals comprises a lower total 
power than would result from all of the plurality of signals being launched at the same launch 
power sufficient for each of the plurality of signals to obtain at least the first signal to noise 
ratio at the output. 



129. The optical amplifier of^ Claim 128, wherein the noise property comprises a 
noise figure. 
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130. An optical communication system comprising: 

an input terminal Comprising a plurality of optical transmitters each operable to output 
one of a plurality of signals each comprising a center wavelength; 

a plurality of spansW optical medium coupled to the input terminal and operable to 
facilitate communication of the plurality of signals, wherein at least some of the plurality of 
signals are associated with a fifst signal to noise ratio measured at an output from the optical 
medium; and 

a plurality of in-line amplifiers each coupled to at least one of the plurality of spans of 

optical medium; V 

wherein at least two of the^ plurality of signals comprise launch powers that are a 

function of a noise property associated with at least a portion of the system; and 

\ 

wherein a sum of the launch powers of the plurality of signals comprises a lower total 
power than would result from all of the\plurality of signals being launched at the same launch 
power sufficient for each of the pluraliA of signals to obtain at least the first signal to noise 
ratio at the output from the optical mediv" 

131. The optical communication system of Claim 130, wherein the noise property 
comprises a noise figure. 
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communicating to\an optical link comprising a plurality of spans of fiber a plurality of 
signals each having a center wavelength, wherein at least some of the plurality of signals are 
associated with a first signaRto noise ratio measured at an output from the optical link; and 

amplifying the plurality of signals to at least partially compensate for losses in one or 
more of the plurality of spans of fiber; 

wherein signals output \com the optical link experience a noise property varying as a 

\ 

function of wavelength, and wherein at least two of the signals input to the optical link 
comprise launch powers that are a function of the noise property measured at or near the 
center wavelength of that signal; and 

wherein a sum of the launchpowers of the plurality of signals comprises a lower total 
power than would result from all of the plurality of signals being launched at the same launch 
power sufficient for each of the plurality of signals to obtain at least the first signal to noise 
ratio at the output from the optical medium. 

\ 

133. The method of Claim 132V wherein the noise property comprises a signal to 
noise ratio. \\ 
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134. A method hf communicating signals, comprising: 

(a) adjusting launch powers of a plurality of signals input to an optical link based 

at least in part on a noise property associated with at least a portion of the optical link for at 

least a portion of the plurality of signals, wherein at least some of the plurality of signals are 

associated with a first signal to noise ratio measured at an output from the optical link; 

I 

(b) adjusting a pump power of an amplifier in the optical link to give a desired 
gain spectrum in light of the adjusted launch powers; and 

(c) repeating steps (a) and (b) until a signal to noise ratio at an output from the 
optical link varies by no more than a threshold amount for at least a majority of signals output 
from the optical link; \ 

wherein a sum of the launch powers of the plurality of signals comprises a lower total 
power than would result from all <^f the plurality of signals being launched at the same launch 
power sufficient for each of the plurality of signals to obtain at least the first signal to noise 
ratio at the output from the optical medium. 



135. The method of Claim\l34, wherein the noise property comprises a noise 

figure. 
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136. A method of communicating signals, comprising: 

setting launch pqwers of a plurality of signals at one or more initial launch power 

levels; 

setting a pump pcWer of an amplifier in an optical link receiving the plurality of 
signals at an initial pump power level to give a desired gain spectrum at the output of the 
amplifier; 

adjusting the launch bowers of at least some of the plurality of signals based at least in 
part on a noise property associated with at least a portion of the optical link and at least some 
of the plurality of signals; and 

adjusting the pump power of the amplifier to retain the desired gain spectrum in light 
of the adjustment to the launch powers; 

wherein at least some o^the plurality of signals launched at the one or more initial 
launch power levels are associated with a first signal to noise ratio measured at an output 
from the optical link; and I 

wherein a sum of the launch powers of the plurality of signals comprises a lower total 
power than would result from all oflthe plurality of signals being launched at the same launch 
power sufficient for each of the plurality of signals to obtain at least the first signal to noise 
ratio at the output from the optical lir * 

137. The method of Claim ^36, wherein the noise property comprises a noise 
figure.— 
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